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The DSN Energy Data Base is a collection of computer files developed and maintained
by DSN Engineering. The energy consumption data which it contains must be updated
monthly and summarized and displayed in printed output as desired. The methods used
to handle the data and perform these tasks are described in this article.

I. Introduction

The DSN Energy Data Base was implemented in 1976 at
the request of the DSN Energy Conservation Project. Due to
the significant amount of energy consumed by the DSN facili-
ties and the increasingly important requirements for energy
conservation, the Energy Data Base was designed to provide
relevant and accessible information which would aid energy
conservation engineering of the facilities. Reference 1
describes the initial design and details of the data base. How-
ever, as use of the Energy Data Base progressed, the need for a
more efficient means of inputting monthly energy consump-
tion data and for a method of presenting consumption data
became apparent. Reorganization of some data base file groups
and development of specialized computer programs were per-
formed to achieve these needs.

Il. General Description of the DSN
Energy Data Base
The DSN Energy Data Base is a collection of computer files

developed, maintained, and used to support the DSN engi-
neers, station operators, designers, and managers in monitoring

the progress of the Energy Conservation Project and providing
engineering and environmental data for the evaluation of
energy conservation measures. The DSN Energy Data Base
contains energy consumption and engineering data for DSN
facilities at Goldstone, Madrid, and Canberra. As described in
Ref. 1, the functional objectives of the data base were to
provide:

(1) A readily available source of technical and descriptive
data.

(2) A central, standardized reference to augment engineer-
ing analysis and design.

(3) Information for effective energy management.

(4) A historical record for comparison of actual perfor-
mance with project goals.

(5) Information for preparing NASA Energy Program
Reports.

The Energy Data Base currently consists of four master files:
(1) Goldstone Energy Data (GED),
(2) Madrid Energy Data (MED),
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(3) Canberra Energy Data (CED), and
(4) Goldstone Energy Audit Information (GEA).

The GED file is made up of elements containing Goldstone
Deep Space Communications Complex {(GDSCC) data on
exterior lighting, building air conditioning systems, building
utilities, interior occupancy, interior electrical equipment,

interior lighting, building architecture, power plants, weather,

programmatic changes, and all forms of energy consumption.
It is the last category, in which data is being continuously
updated, which requires development of a more efficient
means of performing these updates. The MED file for the
stations in Spain contains monthly energy consumption data
for the Robledo site (DSS 61/63) and the Cebreros site
(DSS 62), as well as energy audit data for the major buildings
as modeled by the Energy Consumption Program (ECP). The
ECP computer program was developed in 1977 by the DSN
Engineering Section to model building loads and make detailed
energy consumption analyses. The CED file for the stations in
Australia contains data elements analogous to the MED file; its
energy consumption data is for the Honeysuckle site (DSS 44)
and the Tidbinbilla site (DSS 42/43). The latter two files were
the subjects of initial effort to develop a means of reporting
consumption data, since structure of these files is much more
simple than that of the Goldstone consumption files, The GEA
file contains ECP input data for building models at Goldstone.
It was separated from GED because of its large size. The data
base now physically resides on computer tape, and files are
copied to disk when data is needed or when energy consump-
tion files are to be updated.

lIl. Recent Modifications

The Madrid and Canberra MED and CED files were modi-
fied to facilitate the development of a reporting computer
program which would extract, organize, display, and summa-
rize data as required. The modifications began with consoli-
dating separate file elements containing energy cost and
consumption data into one element containing this data in a
raw form. Thus, all energy consumption data now exists in one
element for each DSS site, and summary data for either
Madrid or Canberra is obtained as output from the reporting
program.

The MED file element for the energy consumption at
Cebreros (DSS 62) is shown in Table 1, as an example. Column
headings were made brief for compactness. Of significance are
data entries “NA” which indicate “not available” data and are
recognized by the reporting program. Data consists of meter
reading date, diesel fuel consumption, equivalent thermal
energy of diesel fuel consumed, electrical energy produced,
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fuel cost per liter in Spanish and American currency, currency
conversion rate, and hours of antenna support.

IV. Monthly Energy Consumption
Reporting Techniques

It was desired to create a method of accessing, summa-
rizing, and displaying data from both present and previous
years on an annualized basis. Also, it was intended to auto-
mate the process of monthly reporting of purchased energy
consumption for the DSN Energy Conservation Project
management.

A computer program (called REPT) was developed which
accomplishes these goals. REPT reads consumption period
date, diesel fuel consumption, equivalent heat value, electrical
production, fuel cost, and currency conversion data; it calcu-
lates unit energy cost, total monthly energy cost, and totals
for the year or up to the most recent data point if the current
year is being reported. This data is tabulated for each DSS site,
and then summarized on a monthly and annual basis for the
entire DSN Complex. A sample REPT output is shown in
Table 2 for the Madrid Complex, for FY 1980 (September
1979 — August 1980). REPT was designed to be capable of
reporting summaries for calendar years, fiscal years, or “energy
years.” An energy year is defined as the period July — June,
which was the definition of a fiscal year prior to 1977.

The computer program logic was complicated by the fact
that it had to read a line of data which represents one month’s
consumption, part of which would be numeric and part of
which may be alphabetic in the form of a “NA” entry meaning
“not available” data. This problem was handled by writing the
program in FORTRAN and using FORTRAN’s data conver-
sion utilities. In REPT, data are read using the A-type format
(alphanumeric) and the available (integer) data are converted
from alphanumeric to computation-format binary integer. Any
“not available” data which occurs on a data read triggers an
appropriate flag which instructs following portions of the
program to perform in a certain fashion. For example, if fuel
consumption and fuel cost data are available but electrical
production is not available, monthly energy cost can be calcu-
lated, but the unit energy cost cannot be calculated. Numerical
data are then converted back to the alphanumeric format so
that output formats can all be consistent, regardless of combi-
nations of “not available” data.

In this fashion, the REPT program was designed to be
completely general in terms of the data acceptance. It was
decided not to use blanks or zeros for unavailable data (which
would have permitted use of integers throughout the program)
since zero is a valid data entry and blank is not specific
enough.




Versions of REPT exist for use with both Madrid and
Canberra data. A version will be developed soon to process the
more abundant Goldstone data.

V. Data Entry Methods

Energy consumption data for an overseas Complex consists
of one line of data for each site; a total of four sites supply
data which are entered into the data base manually each
month, Automation of this procedure would only offer the
advantage of allowing a nonformatted input, which is not
significant.

However, the Goldstone energy data consists of LPG con-
sumption, diesel fuel consumption, water consumption, and
purchased electrical consumption metered at various locations
in the Complex. These data must be inserted in proper loca-

_tions in each data file element, not added to the end of the
element as with the overseas files. Therefore, updating the
Goldstone data manually was a cumbersome task, and an
interactive computer program had been developed to perform
this task. This interactive program was first written in
MBASIC, using canned sorting and merging subroutines to
insert the new data.

The first trial program seemed to be quite inefficient since
it took about 20 minutes elapsed time at the computer termi-
nal and cost about $17 to process one month’s data, which is
about 70 data entries (data lines). It was decided to make a
second trial and rewrite this program in FORTRAN, develop-
ing specialized subroutines to sort and merge the data. The
second program (called ECD-UP) takes about 1 minute elapsed
time and costs about $3 to process one month’s data.

Since specialized sorting and merging techniques were
developed for ECD-UP, a block diagram and a functional
description of the salient features of this program are pre-
sented in Appendix A.

Vi. Future Development

Programmatic changes in equipment and operating proce-
dures are of high interest since energy consumption reporting
techniques used by DSN Engineering take these changes into
account. It is planned to develop an access program to process
programmatic data.

Efforts are underway to couple the REPT program with
advanced in-house graphics equipment, using a Hewlett-
Packard graphics terminal and plotter to produce management
reports, pie-charts, bar-charts and various plots which are used
in monthly reporting to NASA,

In addition to the above, an expansion and a revision of the
REPT program will be developed to process Goldstone energy
consumption data in a fashion similar to the efforts made for
overseas energy data.

Future development of the energy data base will be
affected by new functional requirements of the Technical
Facilities Controller (TFC) or the Configuration Control
Assembly (CCA) Subsystem. Both may contain elements of
the DSN Energy Data Base. However, since details concerning
implementation of these systems are still under development,
the Energy Data Base is being developed to best suit the
current needs of engineers and management, with attention
given to the development of the TFC and CCA.

VII. Summary

The reorganization and automation of data processing of
the DSN Energy Data Base has led to reduced effort, low cost,
and better handling in working with the data. It is expected
that future enhancement of automation will increase the effi-
ciency of data base operations.
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Table 1. Energy data base file element “MED.ECM1502”

ECM/502 CEBRERNS(DS362) CONSUMPTION*

ELECT cosrT/

MO YR DATE OIE3EL EQUIV PROD LITER PT8/8U8 SUPPORT
(LITERS) (MWHT) (KWHE) PT§ (8US) (HOURS)
07 73 0801 85000 913 NA NA  NA NA 170
08 73 0901 90000 966 NA NA  NA NA 210
09 73 1001 85000 913 NA NA  NA NA 230
10 73 1103 B3In00 894 NA NA NA NA 180
11 73 1201 93000 999 NA NA NA NA 420
07 79 0801 50978 543 172000 {5 23 1] 563
08 79 090! Ub966 500 NA 1% .23 6k 426
09 79 {001 49%y% 532 154000 1% 23 66 429
10 79 1101 48187 519 144000 15 .23 66 42
14 79 1201 42700 458 147000 % 23 (1) 484
12 79 ng04 45)24 484 153000 1% 23 66 580
03 80 02031 4TY04 512 164000 19 29 &6 590
02 80 0301 duaus 477 152000 19 29 66 58%
03 80 0401 4499% 483 154000 19 .27 70 55%
04 80 0501 3%pX2 318 142000 19 27 71 214
05 80 0601 376590 4o4 124000 19 27 71 268
06 80 07031 4&u4s2? 476 149000 19 27 70 S04
07 80 0801 4e07A 494 153000 @22 27 7 536
08 80 0901 4d6A?Y 503 159000 22 27 71 841
09 80 1001 43396 465 144000 22 3 71 482
10 80 1101 431794 449 138000 22 29 8 413
1 80 1201 koavY 435 132000 2 29 75 326

IR

* The period 10-79 to 9-80 is shown in Table 2 as REPT output.
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Table 2. REPT output

ENERGY CONSUMPTION SUMMARY FDR MADRID DEEP SPACE STATIONS ¥%
FOR FY 80

ROALEDD SITE (DSS 61/63)
e T T Y YT TP TR AL LI DL L PR L L L LS LA L LAl LA Al L LRt dod bl el bl do bl ol it

MONTH DIESEL FUEL EOGUIV WEAT ELECTRICAL FUEL CDST CURRENCY ENERGY ¢O8Y MONTHLY

CONSUMPTION VALUE % PRODUCTION /LITER CONVERS, JUNTY ENERGY COST
(LITERS) (MWHT) (KHHE) PTS (%U8) PT3/SUS (5 /KWHE) ($us)

--.-------‘------.------.-.-.---.---'-.-.----I---'--n----.----------------.-5--.--.---.--0
cT 210273 22%8 618289 15 23 66 07892 Ub3hp
NOV 202019 2169 6259454 15 23 bh S 0743 46464
DEC 216906 2329 662987 15 23 b 0752 49888
Jan 206341 2218 624133 19 29 hé + 0959 59838
FER 196213 2any STR3L3 19 .29 'Y 0984 56901
MAR 2027126 21717 601600 19 27 70 « 0910 S47 386
APR 210883 2amn 640000 18 229 73 20824 s2720
MAY 19655% 2140 $91%70 18 229 71 s0831 49y 3R
JUN 223823 2403 674482 22 031 70 21029 69385
JuL 239613 25713 721600 22 e 31 71 01029 74280
ALG 243763 26418 741600 2e Y3 k3! 2« 0888 65824
SEP 231389 ed4 716000 2e 31 71 e1002 71730
-.--.------.----.----.-.------.------.-.-----.-----.---..-.-.-..----.-----.--.---------‘--
TAYAL 25%80534 27814 1796058 699266

iy g T T TP AT LI L DL AL LI DL L AL L L DL AL L bl Ll Lt dodobdoledbod ot bt b dd bbb

CEBRRERQS SITE (DSS 6R)
.-..-gnonnunnq----Q‘-----------!---.-—-.----------.--.-.-..------n------------------------

MANTH DIESEL FUEL ERUIV WEAT ELECTRICAL FUEL COST CURRENCY ENERGY CUST MONTHL Y

CONSUMPTION VALUE *  PRODUCTIAN  /LITER CONVERS, JUNTT ENERGY COST
(LITERS) (MwHT) (KWHE) PTS (5US)  PYS/SUS  ($/KWHE) ($08)

--.‘-..--..-----.----.--'-..---------.-------------.---ﬂ-.--'------.-------‘----.--.--.---’
ocT 48387 519 164000 15 .23 6b W0773 11129
Ny 42700 458 147000 15 423 8b 0668 9820
DFC 45120 484 153000 15 423 bb 0678 10378
JAN 47704 513 164000 19,29 ah 080U 13834
FEB 44046 ar? 152000 19 429 o <0845 12889
MAR 44995 483 154000 19,27 10 0789 12148
APR 35232 178 112000 19 27 71 +0809 95132
MaY 37650 404 124000 19,27 1 0820 10145
JUN 44322 are 149000 19,27 70 JOBOY 11966
Jul 46078 494 153000 2 W27 71 L0813 12441
AUG 4BBTY 503 159000 2 W27 71 20796 12656
SEP 43396 465 144000 2 W3 1 L0934 13452
--.....----..'.------...I-.-ﬂ-.-’--.--..-..u-\-----.-.-------------—-.---.---.---.---.---.-
TOTAL 426911 5653 1755000 140390

e e L L L R L D P LS DA L L L L P L L LD LAl bl bl ol bbbt bl o badodd kS St

MADRID COMPLEX TOTALS

P LTI T Y LY LI L L DL A DL L LD Ll L L Ll DL Ll lhd ik kool

MONTH DIFSEL FUEL EQUIY HEAT ELECTRICAL MONTHL Y
CANSUMPYION VALLE PRODUCTION  ENERGY COST

{LITERS) (MWHT) . (KWHE) ($U8)

------.-.--~.-.-'-------.-.---_.--.--.-‘------.‘.------------

JAN 258660 2717 Ta2289 59491

FEB 204749 2627 TT2454 5628%

MAR 262030 261% 815687 60266

APR 254045 2727 785133 73673

MAY 240659 2684 730343 69791

JUN 247721 2660 155600 66884

Jul 206115 2649 152000 6223%

AUG 234205 2514 715570 59304

9ER 268145 2879 823482 81352

acT 234691 3067 874600 Rer2l

NOV 290K70 3121 900600 TRUBD

HEE 274785 2949 860000 85183

.-----.-.-...-O-----.l'--'Q---N,-----ﬂ.-.-.'..-.‘.-.--..--..-

TOTAL 1107445 33467 9551058 839663

T I eyt L DL A DL DL DAL L LA L L L L L L L LAl LAl ldh dd

¥ HEATING VALUE DOF FUEL USED IS 10,74 KWHT/LITER,
%% THIS REPORT IS BASED ON MONTHLY INFO SUBMITTED 8Y OVERSEAS COMPLEX OPERATIONS
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Appendix A

ECD-UP Program Description

The ECD-UP program updated Goldstone DSCC energy
consumption file elements on a monthly basis by reading
update data punched on computer cards. The existing data to
be updated are contained on four computer file elements
consisting of LPG, diesel fuel, water, and electrical consump-
tion. ECD-UP first reads the updated data from the cards and
inserts it into a single working array. This action is performed
in the READIN subroutine (see Fig, A-1).

The SORTER subroutine is then called to sort and order
the data in the array according to the four sort keys, listed in
order of highest to lowest priority: station number, meter
number, year, and date. The data array should be thought of
as a matrix, with each row representing a line of data taken
from a data card. A line of data contains a month’s consump-
tion data for a particular station, meter, year and date. This
subroutine uses the “bubble sort” technique by indexing
through the array line-by-line, comparing the sort keys of each
line with the next line, and exchanging two lines if they are
out of sequence. Several passes are made through the data
until no exchanges are made, indicating that the data are
ordered properly. For example, if three consecutive data lines
contain the same site number, SORTER will then look at the
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meter numbers and decide whether or not to exchange data
lines, placing the line with the lowest numbered meter first.

The DIVIDER subroutine, called next, separates the
updated data into four arrays corresponding to LPG, diesel
fuel, water, or electrical consumption. The meter number is
used to determine into which category each data line should
be placed.

The MERGER subroutine then inserts the updated data
into the existing data elements. It does this by reading the
existing data, line-by-line, and comparing each line with the
current line in the appropriate updated data array using the
sort keys. If the updated data line should be inserted, it is
written onto the new version of the data base file element;
otherwise, the existing data line is written onto the new
version of the element. The program reads through the existing
data, in this fashion, indexing through the updated data, as it
is inserted into the existing data.

When the end of either type of data is encountered, control
passes to the FINFIL or FINAR subroutines, which write the
remaining data onto the new file element and, finally, replace
the old file element with the new element.




NASA—JPL—Coml., LA, Call.

INTO WORKING ARRAY

"READIN" SUBROUTINE: UPDATE DATA READ

K]

"SORTER" SUBRQUTINE: UPDATE DATA IS
SORTED AND ORDERED ACCORDING TO
STATION No., METER No., YEAR, DATE

SEPARATED INTO FOUR ARRAYS BY
USING METER No. TO DETERMINE LPG,

"DIVIDER" SUBROUTINE: UPDATE DATA IS

DIESEL, WATER, OR ELECTRICAL CONSUMPTION

)

"MERGER" SUBROUTINE: UPDATE DATA IS

INSERTED INTO EXISTING DATA IN PROPER
PLACE. TEMPORARY FILES WILL CONTAIN
MERGED DATA

"FINARR" SUBROUTINE:
EXISTING DATA REACHED, REMAINDER
OF UPDATE DATA IS INSERTED

IF END OF

r

OF EXISTING DATA IS WRITTEN TO
TEMPORARY FILES CONTAINING
MERGED DATA

YFINFIL" SUBROUTINE: REMAINDER -4

EXISTING FILES ARE REPLACED
BY TEMPORARY FILES

Fig. A-1. ECD-UP program block diagram
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